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Description 

Detailed Description of the Invention 

s The present invention relates to a biaxially oriented laminated polyester film and a magnetic recording medium of 
which the base film is formed therefrom. More specifically, it relates to a biaxially oriented laminated polyester film which 
particularly has a smooth surface but is excellent in winding properties and abrasion resistance and which can be pro- 
duced at a low cost. A biaxially oriented polyester film typified by a polyethylene terephthalate film is widely used as a 
base film for magnetic recording media such as a magnetic tape and a floppy disk due to its excellent physical and 

10 chemical properties. 

The lubricity and abrasion resistance of the biaxially oriented polyester film are crucial factors which greatly influ- 
ence the handling property at the film production step and the processing step in various fields of its use and which fur- 
ther greatly influence the product quality. 

For example, when the polyester film has insufficient lubricity, the film produces wrinkles or causes blocking when 

is wound up in the form of a roll, and the roll has an uneven surface to decrease the yield of it as a product. The preferred 
ranges of tension, contact pressure and rate for taking up the film are also narrowly limited, and it is very difficult to wind 
it up. Further, when a magnetic tape produced therefrom is allowed to run in a video tape recorder, the tape having poor 
lubricity shows increased running tension, and as a result, the running may be discontinued, abrasion dust may be 
caused, or magnetically recorded signals may drop out, or a so-called drop-out may be caused. Moreover, the tape may 

20 be loosely wound into a magnetic tape cassette and the tape running in a video tape recorder may be therefore unsta- 
ble. When the so-called pan cake which is the wound-up magnetic tape reel before loading into a cassette is wound up 
loosely, it may be broken easily. 

The polyester film is generally improved in lubricity by roughening a film surface by (i) precipitating inert particles 
from the catalyst residue into a polymer during the step of production of the polymer or (ii) adding inert particles. In gen- 

25 eral, as the size of the particles in the film increases and as the content thereof increases, the lubricity improves. EP- 
A-0 453 276 describes a biaxially oriented polyester film containing inert particles to improve lubricity. 

Meanwhile, the base film for magnetic recording media is required to have a flat surface, and the flatness is 
required to be as high as possible for improving the electromagnetic characteristics. When the surface roughness of the 
base film is too large, the roughened surface of the base film reflects in a magnetic layer surface formed on the base 

30 film and degrades the electromagnetic characteristics of a magnetic tape. As the size of the particles in the base film 
increases and as the content thereof increases, the surface roughness increases to degrade the electromagnetic char- 
acteristics. 

For achieving these two contradicting properties such as improvement in lubricity and improvement in electromag- 
netic characteristics at the same time, there is widely known a method in which a two-layered laminated film is used: 

35 One surface on which a magnetic layer is formed is flattened for improving the electromagnetic characteristics, and the 
other surface is roughened for improving the lubricity. 

However, the above method has the following problems. Since the lubricity greatly differs between the two surfaces, 
a wrinkle occurs during the processing step. Since the surface on which a magnetic layer is to be formed is poor in 
lubricity, it is difficult to form a magnetic coating and it is difficult to increase the coating rate. 

40 in a process for producing a biaxially oriented polyester film, an unstretched film is prepared by cooling a molten 
polyester extruded in the form of a sheet to solidify it, and then the unstretched film is simultaneously or consecutively 
biaxially oriented to impart the film with desired mechanical properties. In this biaxially orienting, the film is oriented in 
the width direction by clamping the edge portion of the film and moving the clamps on rails such that the width is con- 
secutively broadened. This edge portion is wasted or recycled since it cannot be part of a product. When the above film 

45 is a two-layered laminated film and when the so-recycled film is used as part of a polymer as a raw material, the parti- 
cles contained in each layer of the two-layered laminated film are randomly included in the polymer to alter the surface 
roughness. Japanese Laid-open Patent Publication No. 53585/1976 proposes the use of a polymer of the so-recycled 
film as an intermediate layer of a three-layered laminated film. For avoiding the influence of the particles contained in 
the intermediate layer on the surface roughness, it is necessary to increase the thickness of the surface layer, and the 

so three-layered laminated film shows only the same properties as those of a single-layered film. A three-layered biaxially 
oriented laminated film is also described in EP-A-0 502 745, wherein the two outer layers each contain both large and 
small particles, and the middle layer contains no particles. 

It is therefore an object of the present invention to provide a novel biaxially oriented laminated polyester film. 

It is another object of the present invention to provide a biaxially oriented laminated polyester film which satisfies 

55 contradicting requirements such as improvement in the lubricity of film surface and improvement in electromagnetic 
characteristics, and which can be produced at a low cost 

It is further another object of the present invention to provide a biaxially oriented laminated polyester film which, 
when its surface layer contains relatively-large-diameter inert particles and small-diameter inert particles, is excellent 
not only in lubricity such as winding properties and running durability but also in abrasion resistance and further which 
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can be produced at a low cost. 

It is still further another object of the present invention to provide a biaxially riented laminated polyest r film which 
has a content ratio of particles having a relatively large particle diameter in the surface layer to particles having a rela- 
tively large particle diameter in the intermediate layer per a unit area in a predetermined range, and which is excellent 
in lubricity and abrasion resistance. 

It is yet another object of the present invention to provide a biaxially oriented laminated polyester film which has 
surface layers having a relatively small thickness and an intermediate layer containing particles having a relatively large 
particle diameter in an amount smaller than the surface layer and which exhibits the above-described excellent proper- 
ties. 

Other objects and advantages of the present invention will be apparent from the following description. 
According to the present invention, the above objects and advantages of the present invention will be achieved by 
a biaxially oriented laminated polyester film comprising: 

(A) a first thin polyester layer having a thickness of 0.5 to 2 jim, formed of an aromatic polymer containing; 

(a1) large-diameter inert particles having an average particle diameter, da1 , of 0.4 to 2.0 urn and 

(a2) small-diameter inert particles having an average particle diameter, da2, of 0.01 to 0.3 jim, the content of 

the large-diameter inert particles (a1) being 0.05 to 0.5 % by weight based on the first thin polyester layer, the 

content of the small-diameter inert particles (a2) being 0.05 to 0.5 % by weight based on the first thin polyester 

layer, 

(B) a second polyester layer formed of an aromatic polyester containing; 

(b1) large-diameter inert particles having an average particle diameter, db1 , of 0.4 to 2.0 urn, and 

(C) a third thin polyester layer having a thickness of 0.5 to 3 jim formed of an aromatic polyester containing; 

(c1) large-diameter inert particles having an average particle diameter, del , of 0.4 to 2.0 and 

(c2) small-diameter inert particles having an average particle diameter, dc2, of 0.01 to 0.3 urn, the content of 

the large-diameter inert particles (d) being 0.05 to 0.5 % by weight based on the third thin polyester layer, the 

content of the small-diameter inert particles (c2) being 0.05 to 0.5 % by weight based on the third thin polyester 

layer, 

the first thin polyester layer, the second polyester layer and the third thin polyester layer being laminated in the 
above order, 

the biaxially oriented laminated polyester film satisfying the following expression (1), 

W 2 -D 2 



wherein: 

W 1 is the content (wt.%) of the large-diameter inert particles (a1) in the first thin polyester layer, 

W 2 is the content (wt.%) of the large-diameter inert particles (b1) in the second polyester layer 

D 13 is the total of the thickness (urn) of first thin polyester layer and the thickness (urn) of the third thin polyester 

layer, and 

D 2 is the thickness (|im) of the second polyester layer. 

Fig. 1 is a schematic view of an apparatus for measuring biaxially oriented laminated polyester films of the present 
invention for running friction coefficient (jxk), pin abrasion and winding properties. 

In the biaxially oriented laminated polyester film of the present invention, the first thin polyester layer, the second 
polyester layer and the third thin polyester layer are laminated in this order as described above. 

The first thin polyester layer is formed of an aromatic polyester containing large-diameter inert particles (a1) and 
small-diameter inert particles (a2). 

The above aromatic polyester is formed from an aromatic dicarboxylic acid as a main acid component and an 
aliphatic glycol as a main glycol component. This polyester is substantially linear, and can be formed into a film, partic- 
ularly by melt-molding. Examples of the aromatic dicarboxylic acid include terephthalic acid, naphthalenedicarboxylic 
acid, isophthalic acid, diphenoxyethanedicarboxylic acid.-diphenyldicarboxylic acid, diphenyietherdicarboxylic acid, 
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diphenylsurtaiedicarboxylic acid, diphenylketonedicarboxylic acid and anthracene-dicarboxylic acid. Examples of the 
aliphatic glycol include polymethylene glycols having 2 to 10 carbon atoms such as ethylene glycol, trimethylene glycol, 
tetramethylene glycol, pentamethylene glycol, hexamethylene glycol and decamethylene glycol, and aiicyclic diols such 
as cyclohexanedimethanol. 

5 In the present invention, the ar matic polyester is preferably s lected, for example, from aromatic polyesters com- 
posed mainly of alkylene terephthalates and/or alkylene naphthalene-dicarboxylates. 

Of the above aromatic polyesters, particularly preferred are polyethylene terephthalate, polyethytene-2.6-naphtria- 
lenedicarboxylate and copolymers in which at least 80 mol% of the entire dicarboxylate component is from terephthalic 
acid and/or 2,6-naphthalenedicarboxylic acid and at least 80 mor% of the entire glycol component is from ethylene gly- 
10 col. In the above copolymers, less than 20 mol% of the entire dicarboxylate component can be from the above- 
described aromatic dicarboxylic acids other than terephthalic acid and 2,6-naphthalenedicarboxylic acid; aliphatic 
dicarboxylic acids such as adipic acid and sebacic acid; and aiicyclic dicarboxylic acids such as cyclohexane-1 ,4<licar- 
boxylic acid. Further, less than 20 mol% of the entire glycol component can be from the above-described glycols other 
than ethylene glycol; aromatic diols such as hydroquinone, resocinoi and 2,2-bis(4-hydraxyphenyl)propane; aliphatic 
is diols having an aromatic ring such as 1,4-dihydroxydimethylbenzene; and polyalkylene glycols (polyoxyalkylene gly- 
cols) such as polyethylene glycol, polypropylene glycol and polytetramethylene glycol. 

The aromatic polyester used in the present invention may contain a component derived from hydroxycarboxylic 
acids, i.e., aromatic hydroxy acids such as hydroxybenzoic acid and aliphatic hydroxy acids such as ©-hydroxycaproic 
acid in addition to the above-described aromatic dicarboxylic acids. This hydroxycarboxylate component may constitute 
20 the copolyester or may bond to it. The amount of the hydroxycarboxylate component is 20 mol% or less based on the 
total amount of the dicarboxylate component and the hydroxycarboxylate component. 

Further, the aromatic polyester used in the present invention may contain a component derived from polycarboxylic 
acids or polyhydroxy compounds having three or more functional groups such as trimellitic acid and pentaerythritol. 
This component is contained in such an amount that the aromatic polyester is substantially linear, for example, 2 mol% 
25 or less based on the entire dicarboxylate component. 

The above aromatic polyester is known per se, and can be produced by a method known per se. The above aro- 
matic polyester preferably has an intrinsic viscosity, measured in o-chlorophenol at 35° C t of approximately 0.4 to 0.9. 

The large-diameter inert particles (a1) have an average particle diameter, da1, of 0.4 to 2.0 *im, and the small- 
diameter inert particles (a2) have an average particle diameter, da2, of 0.01 to 0.3 ^m. 
30 When particles having an average particle diameter of greater than 2.0 jim are used, the film has too roughened a 
surface, and the magnetic recording medium of which the base film is formed of such film shows poor electromagnetic 
characteristics and poor abrasion resistance. When particles having an average particle diameter of smaller than 0.4 
\im are used, undesirably, the film shows poor running properties. 

The average particle diameter of the large-diameter inert particles (a1) is preferably in the range of from 0.4 to 1 .0 

35 jim. 

The content of the large-diameter inert particle is 0.05 to 0.5 % by weight on the polyester layer. When the content 
of the large-diameter inert particles is smaller than 0.05 % by weight, the film shows poor running properties. When this 
content exceeds 0.5 % by weight, the film gives a magnetic recording medium which shows poor electromagnetic char- 
acteristics and poor abrasion resistance. 

40 The content of the large-diameter inert particles (a1 ) is preferably 0.1 % by weight to 0.5 % by weight. 

Examples of the large-diameter inert particles (a1) preferably include (1) silicon dioxide (including hydrate, siliceous 
sand and quartz); (2) alumina in various crystal forms; (3) silicate having an Si0 2 content of at least 30 % by weight 
(e.g., noncrystalline or crystalline clay mineral, aluminosilicate (including calcined product and hydrate), zircon and fly 
ash); (4) oxides of Mg, Zn, Zr and Ti; (5) sulfates of Ca and Ba; (6) phosphates of Li, Na and Ca (including monohydrate 

45 and dihydrate); (7) benzoates of Li, Na and K; (8) terephthalates of Ca, Ba, Zn and Mn; (9) titanates of Mg, Ca, Ba, Zn, 
Cd. Pb, Sr, Mn, Fe, Co and Ni; (10) chromates of Ba and Pb; (11) carbon (e.g., carbon black and graphite); (12) glass 
(e.g., powdered glass and glass beads); (13) carbonates of Ca and Mg; (14) fluorite; (15) ZnS; and (16) heat-resistant 
polymer particles (e.g., silicone resin particles, crosslinked acryl particles, crosslinked polystyrene particles, 
crosslinked styrene-acryl particles, crosslinked polyester particles, Teflon particles, polyimide particles, polyimide- 

so amide particles and melamine resin particles). One kind or at least two kinds of the above particles may be used. 

The average particle diameter, da2, of the small-diameter inert particles (a2) is in the range of from 0.01 to 0.3 ^m, 
preferably from 0.05 to 0.25 jim. The content of the small -diameter inert particles is 0.05 to 0.5 % by weight, preferably 
0.1 to 0.4 % by weight, on the polyester layer. 

The above small-diameter inert particles are used for preventing the formation of too flat a film surface. When these 

55 small-diameter inert particles are not contained, when the average particle diameter thereof is less than 0.01 ^m, or 
when the content thereof is less than 0.05 % by weight, the degree of the inter-film blocking increases to degrade the 
winding properties. When the average particle diameter of the small-diameter inert particles is greater than 0.3 or 
when the content thereof exc eds 0.5 % by weight, the film surface is too roughened to degrad the el ctromagnetic 
characteristics. ... 
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The material for the small-diameter inert particles (a2) is selected from th se specified concerning the large-diam- 
eter inert particles (a1). As the small-diameter inert particles (a2), one kind or at least two kinds of those particles may 
be used. 

The aromatic polyester for forming the first thin polyester layer may contain, as the large-diameter inert particles, 
s 0.05 to 0.5 % by weight of large-diamet r inert particles (a1 1 ) having an average particle diameter of 0.4 to 0.9 \um and 
0.001 to 0.05 % by weight of large^iiameter inert particles (a12) having an average particle diameter of 1 .0 to 1 .5 urn. 

The biaxiaHy oriented laminated polyester film having the above first thin polyester layer, provided by the present 
invention, is not only excellent in winding properties and abrasion resistance but also almost free from the occurrence 
of white dust from side-edge portions of the film. In particular, it is useful as a base film for a magnetic recording medium 
w for a high-speed duplicator. 

In the above aromatic polyester containing two kinds of large-diameter inert particles (a11, a12) having different 
particle diameters, the large-diameter inert particles (a12) are preferably crosslinked polystyrene particles or silicone 
particles, and the large-diameter inert particles (a1 1) are preferably silicone particles. Further, the large<Jiameter inert 
particles (a12) preferably have an apparent Young's modulus of 10 to 100 kg/mm 2 . 
is In the above embodiment, the aromatic polyester for forming the first thin polyester layer preferably contains 0. 1 to 
0.5 % by weight of small-diameter inert particles having an average particle diameter of 0.05 to 0.3 pm. In this case, the 
small-diameter inert particles are preferably amorphous titanium oxide and/or G-fbrm aluminum oxide particles having 
a specific surface area of 50 to 120 rr^/g. 

The first thin polyester layer has a thickness of 0.5 to 2 nm. When this thickness exceeds 2 urn, the film surface is 
20 not flattened, and the film shows the same properties as those of a single-layered film. When it is less than 0.5 jim, it is 
too thin and the lubricity is degraded. When the thickness is in the range of from 0.5 to 2 urn, the roughness of the film 
surface decreases presumably for the following reason. When the thickness of the first thin polyester layer is in the 
above range, less particles stick out from the second polyester layer to the surface of the first thin polyester layer. With 
a decrease in the thickness of the first thin polyester layer, the surface roughness decreases. In this case, high projec- 
ts tions in the surface layer remain intact, but the number of low projections formed by the second polyester layer 
decreases, whereby the surface roughness decreases. 

The second polyester layer constituting the biaxially oriented laminated polyester film of the present invention is 
formed of an aromatic polyester containing large-diameter inert particles (b1) having an average particle diameter, db1 , 
of 0.4 to 2.0 *im. 

30 The above aromatic polyester is preferably selected from those specified concerning the first thin polyester layer. 
The average particle diameter of the large-diameter inert particles (b1) is preferably in the range of from 0.4 to 2.0 
urn, and the content thereof is preferably 0.01 to 0.2 % by weight. 

The aromatic polyester for forming the second polyester layer may further contain small-diameter inert particles, 
b2, having an average particle diameter of 0.01 to 0.3 \isr\. 
35 The second polyester layer may be formed not only from a newly prepared aromatic polyester, but also from any 
material recycled, for example, from the biaxially oriented laminated polyester film of the present invention or other pol- 
yester films containing inert particles. The second polyester layer may be formed from a homogeneous Wend of a pol- 
ymer recycled from the biaxially oriented laminated polyester film of the present invention and other aromatic polyester, 
e.g., a newly prepared aromatic polyester. In this case, the amount of the recycled polyester is preferably 30 to 70 % by 
40 weight, more preferably 40 to 60 % by weight. 

The third thin polyester layer for constituting the biaxially oriented laminated polyester film of the present invention 
is formed of an aromatic polyester containing large-diameter inert particles (d) and small-diameter inert particles (c2). 
The above aromatic polyester can be selected from those specified concerning the first thin polyester layer. 
Further, the description of the large-diameter inert particles (a1) and the small-diameter inert particles (a2) con- 
45 ceming the first thin polyester layer can be applied to the above large-diameter inert particles (d ) and the small-diam- 
eter inert particles (c2). 

Meanwhile, the thickness of the third thin polyester layer is not necessarily the same as that of the first thin polyes- 
ter layer. 

The thickness of the third thin polyester layer is in the range of from 0.5 to 3 *im, and preferably it is substantially 
so the same as the thickness of the f irst thin polyester layer while it is in the above range. 

The biaxially oriented laminated polyester film of the present invention comprises, as described above, the first thin 
polyester layer, the second polyester layer and the third thin polyester layer. Further, these three layers are required to 
satisfy a predetermined relationship among the contents of large<jiameter inert particles in the first thin polyester layer 
and the second polyester layer, the thicknesses of the first and third thin polyester layers and the thickness of the sec- 
55 ond polyester layer. 

The above relationship is represented by the following expression. 
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0.4 < 




<2.5 



(1) 



wherein: 



is the content (wt.%) of the large-diameter inert particles (a1) in the first thin polyester layer, 
W 2 is the content (wt.%) of the large-diameter inert particles (b1) in the second polyester layer 
D 13 is the total of the thickness {\xm) of first thin polyester layer and the thickness (urn) of the third thin polyester 
layer, and 

D 2 is the thickness (\irr\) of the second polyester layer. 

In the above relationship, W 2 • D 2 /W 1 • D 13 corresponds to the ratio of the content of the large-diameter inert par- 
ticles (b1) in the second polyester layer per unit area of the laminated polyester film to the total of the contents of large- 
diameter inert particles (a1 , d) in the first and third thin polyester layers per unit area of the laminated polyester film. It 
has been found that when the above ratio is in the range between 0.4 and 2.5 as described above, the laminated poly- 
ester film of the present invention of which the second polyester layer contains the large-diameter inert particles and 
the first and third thin polyester layers individually have a small thickness, as small as 0.5 to 2 urn, exhibits excellent 
surface properties and gives excellent electromagnetic characteristics as a magnetic recording medium. 

When the above ratio exceeds 2.5, undesirably, the content of the large-diameter inert particles in the second pol- 
yester layer is relatively too large, which greatly affects the surface properties of the first and/or third thin polyester 
layer(s). On the other hand, when the above ratio is smaller than 0.4, the content of relatively large particles in the inter- 
mediate layer (second polyester layer) containing a polymer recycled from the laminated polyester film varies to a 
greater extent as the recycling of laminated polyester films is repeated, and the surface roughness accordingly varies. 

The above relationship is preferably represented by the following expression , 



wherein W 2 , D 2 , W 1 and D 13 are as defined in the expression (1). 

In the biaxially oriented laminated polyester film of the present invention, the thickness, D 2l of the second polyester 
layer is preferably larger than the total thickness, D 13 , of the first and third thin polyester layers. 

Further, the total thickness of the first thin polyester layer, the second polyester layer and the third thin polyester 
layer is advantageously in the range of from 1 0 to 1 00 ^m, and the polyester film having a thickness in the range of from 
1 0 to 25 |im as the above total thickness can be advantageously used as a base film for a magnetic tape. 

In the biaxially oriented laminated polyester film of the present invention, the surface roughness, Ra, of the first thin 
polyester layer is preferably in the range of from 5 to 20 nm, and one direction in a film plane preferably exhibits a 
Young's modulus of at least 500 kg/mm*. 

The biaxially oriented laminated polyester film of the present invention can be produced basically by a convention- 
ally known method or a method available in the field of this art. For example, it can be obtained by preparing a laminated 
unstretched film first and then biaxially stretching the film. This laminated unstretched film can be produced by a lami- 
nated film production method available in the field of this art. For example, it can be obtained by a method in which sur- 
faces-forming film layers (the first and second polyester layers) and an intermediate layer-forming film layer (the second 
polyester layer) are laminated while they are in a molten state or in a solidified state by cooling. Further specifically, it 
can be produced by a co-extrusion method or an extrusion laminate method. 

The laminated unstretched film obtained by the above lamination method can be biaxially oriented according to a 
conventionally available method for producing a biaxially oriented film, whereby the biaxially oriented laminated film is 
obtained. For example, the biaxially oriented laminated film can be produced by stretching the laminated unstretched 
film monoaxially (in the machine or transverse direction) at a temperature between (Tg - 10) and (Tg + 70)° C (Tg: the 
glass transition temperature of polyester) at a stretch ratio of 2.5 to 5.0, and then stretching the monoaxially stretched 
film at right angles to the above stretching direction (in the transverse or machine direction) at a temperature between 
Tg and (Tg + 70)° C at a stretch ratio of 2.5 to 5.0. In the case the area stretch ratio is preferably 9 to 22, more preferably 
12 to 22. The biaxial stretching may be carried out at the same or consecutively. Further, the biaxially oriented lami- 
nated film may be thermoset at a temperature between (Tg + 70)°C and Tm(°C). For example, it is preferred to thermo- 
set a laminated polyethylene terephthalate film at a temperature between 190 and 230° C. The time required for the 
thermosetting is, for example, 1 to 60 seconds. 

The biaxially oriented laminated polyester film of the present invention has the following features so long as the 
above-described conditions are satisfied. For example, that edge portion of a biaxially oriented film which so far cannot 
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be part of a final product and therefore is wasted can be reused as a polymer for th intermediate layer by means of a 
simple apparatus, and as a result, the biaxially oriented laminated polyester film which has excellent surface properties, 
i.e., excellent lubricity and abrasion resistance and which can give a magnetic tape having excellent electromagnetic 
characteristics can be provided at a low cost. 

5 That is, the biaxially riented laminated polyester film of the present invention can be used as a base film for a mag- 
netic recording media such as a flexible disk or a magnetic tape. 

For using it as a base film for a flexible disk, preferably, the thickness of the first thin polyester layer and the thick- 
ness of the third thin polyester layer are substantially the same. For using it as a base film for a magnetic tape, prefer- 
ably, the thickness of the third thin polyester layer is greater than the thickness of the first thin polyester layer by 0.5 urn 

10 or more. For using it as a base film for a magnetic tape, preferably, the elongation at break is in the range of from 30 to 
120%. 

As described above, according to the present invention, there is provided a magnetic recording medium comprising 
the biaxially oriented laminated polyester film of the present invention as a base film and a magnetic recording layer 
formed on the first thin polyester layer thereof. 
is The biaxially oriented laminated polyester film of the present invention has a flat surface, while it exhibits excellent 
winding properties, running properties and abrasion resistance. Further, it can be produced at a low cost due to the use 
of a recycle polymer, and it has excellent properties as a base film for a magnetic recording medium. Further, the biax- 
ially oriented laminated polyester film of the present invention of which the first thin polyester layer contains two types 
of large-diameter inert particles has winding properties, base surface flatness, the capability of preventing the formation 
20 of white dust from edge portions and abrasion resistance which are all required of a high-speed duplicator, thus having 
excellent properties as a base film for a magnetic recording medium. 

The present invention will be further detailed hereinafter with reference to Examples. 

The physical property values and characteristics in the present invention including Examples were measured or are 
defined as follows. 

25 

(1) Average particle diameter (DP) 

Particles were measured for diameters with a centrifugal particle size analyzer CP-50 supplied by Shimadzu Cor- 
poration, and there was prepared a cumulative curve from individual diameters of particles and the amounts thereof 
30 which were calculated on the basis of the resultant centrifugal sedimentation curve. The cumulative curve was read for 
a diameter of a particle corresponding to a 50 mass percent, and the so-read value was taken as an average particle 
diameter (see "Particle Size Measuring Technique" pages 242-247, 1975, issued by Nikkan Kogyo Press). 

(2) Film surface roughness (Ra) 

35 

A film was measured for a centerline average roughness (Ra) according to JIS-B0601 by means of Surfcorder SE-30C 
supplied by Kosaka Laboratory Co. Ltd. The measurement conditions were as follows. 

(a) Radius of contacting needle top: 2 um 
40 (b) Measurement pressure: 30 mg 

(c) Cut-off: 0.25 mm 

(d) Measurement length: 2.5 mm 

(e) How to obtain data 

45 One sample was measured six times. The largest measurement value was excluded, and Ra was expressed in 
terms of an average of the remaining five measurement values. 

(3) Blocking index 

so A glass plate was placed below two stacked films, and the lower film was fixed to the glass plate. The two films were 
stacked such that a first thin polyester layer was in contact with a third thin polyester layer. A tension detector was 
attached to one end of the upper film. A "prescale mat" supplied by Fuji Photo Film Co., Ltd. was set on the upper film 
such that the roughened surface of the prescale mat was in contact with the film, and further, a metal plate and a weight 
were placed thereon. The total weight of the prescale mat, the metal plate and the weight was adjusted to 300 g, and 

55 the prescale mat had an area of 100 cm 2 . In this state, the glass plate was drawn at a rate of 10 cm/minute to detect a 
tension force with the detector attached to the upper film. The detected value was divided by 300 g, and the quotient 
was taken as a blocking index. In this method, a load is focussed on the convex portion of the prescale mat, and the 
degree of blocking can be accurately measured. 
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(4) Running friction coefficient (uk) of film 

A film was measured for a running friction coefficient with an apparatus shown in Fig. 1 in the following manner. 

In Fig. 1 , numeral 1 indicates a supply reel, numeral 2 indicates a tension controller, numerals 3, 5. 6. 8, 9 and 11 
indicate free rollers, numeral 4 indicates a tension detector (inlet), numeral 7 indicat s a fixed pin made of stainless 
steel SUS304 (outer diameter 5 mm0, surface roughness Ra = 20 nm), numeral 10 indicates a tension detector (out- 
let), numeral 12 indicates a guide roller, and numeral 13 indicates a wind-up reel. 

Under an environment having a temperature of 20° C and a humidity of 60 %, a film was allowed to run (fricttonally) 
at a rate of 200 cm/minute in contact with the fixed pin 7 at an angle 0 = (152/180) tc radian (152°). When a tension Tj 
at the inlet was adjusted to 35 g with the tension controller 2, and after the reciprocating running of the film was made 
50 times, a tension (T 2 : g) at the outlet was detected with the outlet tension detector, and the running friction coefficient 
\ik was calculated on the basis of the following equation. 

uk = (2.Z03/Q)\OQU 2 nj = 0.868log(T 2 /35) 

Magnetic tapes were prepared as follows. 

100 Parts by weight (to be simply referred to as "part" hereinafter) of y-Fe20 3 and the following composition were 
kneaded and dispersed with a ball mill for 12 hours. 



Polyester polyurethane 


12 parts 


Vinyl chloride-vinyl acetate-maleic anhydride copolymer 


10 parts 


a-alumina 


5 parts 


Carbon black 


1 part 


Butyl acetate 


70 parts 


Methyl ethyl ketone 


35 parts 


Cyclohexanone 


100 parts 



Then, the following components were added. 



Fatty acid: Oleic acid 


1 part 


Fatty acid: Palmitic acid 


1 part 


Fatty acid ester (amyl stearate) 


1 part 



The resultant mixture was kneaded for 10 to 30 minutes, and after 7 parts of an ethyl acetate solution containing 
25 % of a triisocyanate compound was added, the mixture was shear-dispersed at a high rate for 1 hour to prepare a 
magnetic coating liquid. 

The so-obtained coating liquid was applied to (a first thin polyester layer of) a polyester film such that the dry thick- 
ness was 3.5 ^m. 

The coating was subjected to orientation treatment in a direct current magnetic field and dried at 100° C. Then, the 
film was calendered and slit to a width of 1 .27 cms (1/2 inch) to obtain a magnetic tape. 

(5) Electromagnetic characteristics 

A "VHS" VTR (BR6400, supplied by Victor Co. of Japan, Ltd.) was remodeled, and a signal having a sinewave at 4 
MHz was inputted to a recording/reproduction head through an amplifier to record it on a magnetic tape. The signal was 
reproduced and the reproduced signal was inputted to a spectrum analyzer. A noise generated at a distance of 0. 1 MHz 
from the carrier signal 4 MHz was measured, and the carrier/noise (C/N) ratio was expressed in terms of dB unit. A 
magnetic tape obtained in Comparative Example 7 was measured in this manner to obtain a C/N ratio, which was taken 
as the standard (± 0 dB). A difference between the C/N ratio otthe above magnetic tape and the C/N rati f the mag- 
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netic tape obtained in Comparative Example 1 was taken as electromagnetic characteristics. 

(6) Abrasion resistance 

A film was slit to a width of 1 .27 cms (1/2 inch), and, while a blade edge (for an industrial razor test, supplied by GKI 
in U.S.A.) was vertically and downwardly pressed to the slit film so that the slit film was pushed 2 mm apart from its nor- 
mal running course, the slit film was allowed to run (frictionally) at a rate of 100 m/minute at an inlet tension, T 1t of 50 
g. After the slit film ran 100 m, the amount of abrasion dust adhering to the blade was evaluated. 

(Evaluation) 

A: The adhering of abrasion dust to the blade edge was wide as less than 1 .0 mm. 

B: The adhering of abrasion dust to the Wade edge was as wide as 1 .0 mm to less than 2.0 mm. 

C: The adhering of abrasion dust to the blade edge was as wide as 2.0 mm or more. 

(7) Ra variation range when recycle polymer was used. 

A laminated polyester film was crushed with a cutter, and remelted and extruded to form a sheet The sheet was 
cut to prepare chips. This recycle polymer was used in the intermediate layer in a ratio of 50% based on its total thick- 
ness and the remaining 50 % was supplemented by a polyester containing no particles. The recycling was repeated 10 
times in this manner, and a difference between Ra of the initial laminated polyester film and Ra of a laminated polyester 
film obtained after the recycling was repeated 10 times was determined. 

(Evaluation) 

A: The difference was 1 nm or less, or no difference 
B: The difference was greater than 1 nm. 

(8) Apparent Young's modulus of particles 

A micro-compression tester MCTM-201 supplied by Shimadzu Corporation was used. A diamond presser was 
moved down at a constant load rate (2.844 x 10' 4 N/second (29 mgf/second)) to exert external force on one particle. 
The apparent Young's modulus was determined according to the following equation in which Y is a Young's modulus, P 
is a load (9.80665 N (Kgf)) when the particle is broken, Z is a deviation (mm) of the presser when the particle is broken 
and d is the diameter (mm) of the particle. The above procedure was repeated 10 times, and the average of the ten 
measurement data was taken as the apparent Young's modulus. 

Y = 2.8P/7tdZ 

(9) Elongation at break 

A film was slit to a width of 1 0 mm and a length of 1 50 mm, and the slit film was tested with an Instron type universal 
tensile tester at an interchuck distance of 100 mm at a tension rate of 100 mm/minute. The elongation at break was 
determined on the basis of the following equation in which L is the elongation when the film was broken and Lq is the 
interchuck distance. 

Elongation at break = -j — - x 100 (%) 
L o 

(10) Pin abrasion resistance 

A film was measured for an abrasion resistance against a pin by means of an apparatus shown in Fig. 1 in the fol- 
lowing manner. 

In Fig. 1 , numeral 1 indicates an unwinding reel, numeral 2 indicates a tension controller, numerals 3, 5, 6, 8, 9 and 
1 1 indicate free rollers, numeral 4 indicates a tension detector (inlet), numeral 7 indicates a fixed pin made of stainless 
steel SUS304 (outer diameter 5 mm0, surface roughness Ra = 20 nm), numeral 10 indicates a tension detector (out- 
let), numeral 12 indicates a guide roller, and numeral 13 indicates a wind-up reel. 

Under an environment having a temperature of 20° C and a humidity of 60 %, a slit film having a width of 1 .27 cms 
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(1/2 inch) was allowed t run 200 m at a rate of 200 m/minute in contact with the fixed pin 7 at an angle e = (90/180) n 
radian (90° ). The tension 1^ at the inlet was set at 100 g. Then, the abrasion resistance against a pin was evaluated 
on the basis of an amount of white dust adhering the fixed pin 7. 

s (Evaluation) 

A: No white dust was found. 
B: White dust was slightly found. 
C: White dust was clearly found. 
io D : White dust was heavily found. 

(1 1) Blade abrasion resistance 

A slit film having a width of 1 .27 cms (1/2 inch) was tested under an environment having a temperature of 20° C 
is and a humidity of 60 %. While a blade edge (for an industrial razor test, supplied by GKI in U.S.A.) was vertically and 
downwardly pressed to the slit film so that the slit film was pushed 2 mm apart from its normal running course, the slit 
film was allowed to run (frictionally) at a rate of 100 m/minute at an inlet tension, T v of 50 g. After the slit film ran 100 
m, the amount of abrasion dust adhering to the blade was evaluated. 

20 (Evaluation) 

A: The adhering of abrasion dust to the blade edge was wide as less than 0.5 mm. 
B: The adhering of abrasion dust to the blade edge was as wide as 0.5 mm to less than 1 .0 mm. 
C: The adhering of abrasion dust to the blade edge was as wide as 1 .0 mm to less than 2.0 mm. 
25 D: The adhering of abrasion dust to the blade edge was as wide as 2.0 mm or more. 

(12) Winding properties 

A slit film having a width of 1.27 cms (1/2 inch) was set in an apparatus shown in Fig. 1 such that the slit film did 
30 not come through a fixed pin 7. Then, the slit film was allowed to run 500 m at a rate of 400 m/minute and evaluated for 
winding properties on the basis of whether it could be wound or a roll form of the film. 

(Evaluation) 

35 A: The end face of a roll had an uneven height or depth of 1 mm or less. 

B: The end face of a roll had an uneven height or depth of greater than 1 mm. 
C: A film could not be wound. 

(13) Edge portions of slit film 

40 

The edge portions of a magnetic tape were observed through a scanning electron microscope at a magnification 
of 1,000 diameters. 

(Evaluation) 

45 

A: The edge portions had no whiskers, no burrs and no extending substances, or were clean. 
B: The edge portions had whiskers, burrs and extending substances, or were unclean. 

The magnetic tape was produced in the same manner as in (4). 

50 

(14) White dust on guide roll 

A guide roll having a width smaller than the 1 .27.cms (1/2 inch) width by 0.5 mm and a rib was fixed in the apparatus 
shown in Fig. 1 in place of the fixed pin 7. A magnetic tape was allowed to run 500 m under tension, T 1 , of 50 g to deter- 
55 mine the amount of white dust adhering to the guide roll. 

(Evaluation) 

A: No white dust was found, or white dust slightly adhered, . 
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B: White dust was clearly found, or generated in a large amount. 

Examples 1 - 12 and Comparative Examples 1-11 

Dimethyl terephthalate and ethylen glycol were polymerized according t a conventional method in th presence 
of manganese acetate as an ester exchange catalyst, antimony trioxide as a polymerization catalyst, phosphorous acid 
as a stabilizer and particles shown in the column of "1 st and 3rd polyester layers" in Tables 1 to 3 as a lubricant, thereby 
to obtain a polyethylene terephthalate having an intrinsic viscosity (o-chlorophenol t 35° C) of 0.62 for producing first and 
third thin polyester layers. 

Further, a polyethylene terephthalate for producing a second polyester layer was obtained in the same manner as 
above except that the particles were replaced with particles shown in the column of "2nd Polyester layer" in Tables 1 to 

3. 

The pellets of the above polyethylene terephthalates were dried at 170° C for 3 hours, and then separately fed to 
hoppers of extruders. The pellets were melted at a melting temperature of 280 to 300° C, laminated through a multi- 
manifold type co-extrusion die and extruded onto a rotary cooling drum having a surface finish of about 0.3 s and having 
a surface temperature of 20° C to give an unstretched laminated film having a thickness of 200 urn. 

The so-obtained unstretched laminated film was preheated up to 75° C and stretched 3.2 times with high-speed 
and low-speed rolls under heat with three IR heaters having a surface temperature of 800° C, which were positioned 15 
mm above the film. The film was then rapidly cooled, fed to a stenter. and stretched 4.5 times in the transverse direction 
at 120° C. The so-obtained film was thermoset at 205° C for 5 seconds to give a thermoset biaxially oriented laminated 
polyester film having a thickness of 1 4 jim. 

The thicknesses of the layers were adjusted by changing the extrusion amounts from the two extruders. For forming 
the first thin polyester layer and the third thin polyester layer having different thicknesses, adjustment was made by nar- 
rowing the f tow path for forming one of these layers. The thickness of each layer was determined by both a fluorescence 
X-ray method and a method in which a thin piece was taken from the film and interfaces were found with a transmission 
type electron microscope. 

Comparative Examples 12 and 13 

Single-layered polyester films were obtained in the same manner as in Example 1 except that polyethylene tereph- 
thalate containing particles shown in Table 3 were used and that a die for a single layer was used. 

Tables 1 to 3 show the properties and characteristics of the above-obtained films. As shown in Tables 1 to 3, the 
films according to the present invention exhibited excellent electromagnetic characteristics when used in magnetic 
recording media, and at the same time, they were excellent in lubricity and abrasion resistance. Further, even when a 
recycle polymer was used, the films according to the present invention showed a small variation of Ra and exhibited 
excellent properties. 
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Table 1 





Inert particles 


in first and third thin polyester layers 




Large-diameter 


Content of 


Small-diameter 


Content of 




inert particles 


large- 


inert particles 


small- 




& average particle 


diameter 


& average particle 


diameter 




diameter 


inert 


diameter 


inert 






particles 




particles 




(^m) 




(Mm) 


(*) 


Ex.1 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




Ex.2 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




Ex.3 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




Ex.4 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




Ex.5 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




Ex.6 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




Ex.7 


Silicone resin 


0.1 


Aluminum oxide 


0.3 




0.6 




0.08 




Ex.8 


Calcium carbonate 


0.3 


Aluminum oxide 


0.3 




0,6 




0.08 






Silicon dioxide 


0.1 








0.4 








Ex.9 


Crosslinked poly- 


0.1 


Titanium dioxide 


0.3 




styreneO . 6 




0.2 




Ex.10 


Calcium carbonate 


0.1 


Aluminum oxide 


0.3 




0.8 




0.08 






Silicone resin 


0.1 








0.6 










Silicon dioxide 


0.1 








0.4 








Ex.11 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




Ex.12 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 


i 
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Table 1 (continued) 





Thicknesses 


Inert particles for 


i 

IR value 


Thickness 




of 1st and 


2nd polyester layer 


j ♦ 


of 2nd 




3rd thin 








polyester 












polyester 


Large-diameter 


Content 




layer 




layers 


inert particles 


large* 














diamete 












■ & average particle 








1st 


3rd 


diameter 


inert 
particl 


is 






(/*m) 


(/im) 


(yum) 


(*) 




(ad) 


Ex.1 


1.0 


1.0 


Calcium carbonate 
0.6 


0.05 


1.0 


12.0 


Ex.2 


0.6 


0.6 


Calcium carbonate 
0.6 


0.028 


1.0 


12.8 


Ex.3 


1.4 


1.4 


Calcium carbonate 
0.6 


0.073 


1.0 


11.2 


Ex.4 


0.6 


1.4 


Calcium carbonate 
0.6 


0.05 


1.0 


12.0 


Ex.5 


0.5 


2.5 


Calcium carbonate 
0.6 


0.082 


1.0 


11.0 


Ex.6 


1.0 


1.0 


Calcium carbonate 
0.6 


0.075 


1.5 


12.0 


Ex.7 


1.0 


1.0 


Silicone resin 
0.6 


0.017 


1.0 


12.0 


Ex.8 


1 . 0 


1 . 0 


Calcium carbonate 
0.6 


0.067 


1.0 


12.0 


Ex.9 


1.0 


1.0 


Calcium carbonate 
0.6 


0.05 


1.0 

* 


12.0 


Ex.10 


1.0 


1.0 


Calcium 1 carbonate 
0.8 

Silicone resin 
0.6 

Silicon dioxide 
0.4 


0.017 
0.017 j 
0.017 


1.0 


12.0 


Ex.11 


1.0 


1.0 


Calcium carbonate 
0.8 


0.05 I 


1.0 


12.0 


Ex.12 


1.0 


1.0 


Calcium carbonate 
0.8 

Silicone resin 
0.6 


0.01 
0.04 


1.0 


12.0 



= ff 2 D 2 

V D i; 
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Table 1 (continued) 





Ra 


(nm) 


Block- 
ing 
index 


Running 

friction 

coefficient 


Electro- 
magnetic 
characte- 
ristics 


Abrasion 
resis- 
tance 


Range of 

of Ra 

variation 

when 

recycle 

polymer 

used 


1st 

thin 

poly- 

ester 

layer 


3rd 
thin 
poly- 
ester 
layer 


Ex.1 


12 


12 


0.25 


0.23 


+2.1 


A 


A 


Ex.2 


9 


9 


0.25 


0.23 


+3.0 


A 


A 


Ex.3 


14 


14 


0.25 


0.23 


+1.9 


A 


A 


Ex.4 


9 


14 


0.25 


0.23 


♦ 3.0 


A 


A 


Ex.5 


8 


18 


0.22 


0.23 


+ 2.8 


A 


A 


Ex.6 


14 


14 


0.22 


0.23 


+ 1.9 


A 


A 


Ex.7 


12 


12 


0.23 


0.20 


+ 2,1 


A 


A 


Ex. a 


14 


14 


0.22 


0.18 


+ 1.8 


A 


A 


Ex.9 


14 


14 


0.26 


0.23 


+ 2.0 


A 


A 


Ex . 10 


14 


14 


0.23 


0.18 


+ 1.9 


A 


A 


Ex . 11 


1 

13 | 


13 


0.24 


0.23 


♦ 2.5 


A 


A 


Ex . 12 


12 


12 


0.23 


0.23 


+ 2.2 


A 


A 
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Table 2 





Inert particles in first and third thin polyester layers 




Large-diameter 


Content of 


Small-diameter 


Content of 




inert particles 


large- 


inert particles 


small- 




& average particle 


diameter 


& average particle 


diameter 




diameter 


inert 


diameter 


inert 




(Mm) 


particles 




particles 




7 


(*> 


(um) 

r 


(*) 


CEx.l 


Calcium carbonate 


0.3 


_ 


_ 


CEx.2 


0.6 

Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




CEx.3 




- 


Silicon dioxide 


0.2 


CEx.4 


Calcium carbonate 


0.01 


0.1 

Silicon dioxide 


0.2 




0.6 




0.1 




CEx.5 


Calcium carbonate 


1.0 


Silicon dioxide 


0.2 




0.6 




0.1 




CEx.6 


uaicium camonate 


n i 

u . O 


oiiicon Qioxxae 


U , £ 




0.6 




0.1 






Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




CEx.8 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




CEx.9 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0.1 




CEx.10 


Calcium carbonate 


0,3 


Silicon dioxide 


0.2 




3.0 




0.1 




CEx.ll 


Calcium carbonate 


0.3 


Silicon dioxide 


0.2 




0.6 




0,1 
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Table 2 (continued) 





Thicknesses 
of 1st and 
3rd thin 
polyester 
layers 


Inert particles for 
2nd polyester layer 


Thickness 
of 2nd 

no 1 VPQtPP 

layer 


Large-diameter 
Inert particles 
& average particle 
diameter 

(/*m) 


Content 
large- 
diametei 
inert 
partlcl* 
{*) 


K 
S 


value 


1st 
(i<m) 

7 


3rd 
(Am) 

/ 


CEx.l 


1.0 


1.0 


Calcium carbonate 


0.05 




1 . 0 


12.0 








0.6 










CEx . 2 


1.0 


1.0 


— 






ft 

u 


12.0 


CEx. 3 


1.0 


1.0 


Calcium carbonate 


ft o 

0.3 






12.0 








0.6 










CEx. 4 


1.0 


1.0 


Calcium carbonate 


a nr\o 
U.UUZ 






12.0 








0.6 










CEx. 5 


0.6 


0.6 


Calcium carbonate 


0. 094 




i ft 


12,8 








0.6 










CEx . 6 


0.3 


0.3 


Calcium carbonate 


0.013 




1.0 


13.4 








0.6 










CEX." 


2.5 


2.5 


Calcium carbonate 


0.17 




1.0 


9.0 








0.6 










CEx. 8 


1.0 


1.0 


Calcium carbonate 


0.2 




4.0 


12.0 








0.6 










CE.X.9 


1.0 


1.0 


Calcium carbonate 


0.006 




0.12 


12.0 








0.6 










CEx . 10 


1.0 


1.0 


Calcium carbonate 


0.05 




1.0 


12.0 








0.6 










CEx. 11 


1.0 


1.0 


Calcium carbonate 


0.05 




1.0 


12.0 








3.0 








i 



V D 2 
V D 13 
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Table 2 (continued) 





Ra (nm) 


Block- 
ing 
index 


Running 
friction 
ooer t lcient 


Electro- 
magnetic 
characte- 
. ristics 


Abrasion 
resis- 
tance 


Range of 

of Ra 

variation 

when 

recycle 

polymer 

used 


1st 

thin 

poly- 

CO IC1 

layer 


3rd 

thin 

poly- 

ester 

layer 


CEx.l 


12 


12 


0.45 


0.23 


♦2.3 


A 


A 


CEx.2 


11 


11 


0.25 


0.23 


♦2.4 


A 


B 


CEx.3 


12 


12 


0.30 


0.38 


♦ 2.5 


A 


B 


CEx.4 


5 


5 


0.30 


0.32 


♦ 3.5 


A 


A 


CEx.5 


23 


23 


0.20 


0.22 


-1.3 


C 


A 


CEx.6 


9 


9 


0.24 


0.23 


♦ 2.5 


C 


A 


CEx.T 


18 


18 


0.24 


0 .23 


±u 


A 

A 


A 


CEt.8 


17 


17 


0.23 


0.23 


+0.5 


A 


B 


CEx.9 


11 


11 


0.25 


0.23 


+ 2.3 


A 


B 


CEx.10 


30 


30 


0.20 


0.21 


-2.1 


C 


A 


CEx.ll 


24 


24 


0.23 


0.23 


-1.3 


A 


A 
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Table 3 





Single-layered film 




Large-diameter 
inert particles 
L average 
particle 
diameter 
(pm) 


Content of 
large- 
diameter 
inert 
particles 
<*) 


Small-diameter 
inert particles 
& average 
particle 
diameter 
Jum) 


Content of 
small- 
diameter 
inert 
particles 
(*) 


Film 
thick- 
ness 


CEx.12 


Calcium 
carbonate 
0.6 


0.3 


Silicon dioxide 
0.1 


0.2 


14.0 


CEx.13 


Calcium 
carbonate 
0.6 

i 


0.3 

i 






14.0 



Table 3 (continued) 





Ra 


Blocking- 


famine 


Electro- 


Abrasion 


Range of 






index 


friction 


magnetic 


resis- 


of Ra 








coefficient 


characte- 


tance 


variation 












ristics 


when recycle 




(nm) 










polymer used 


CEx.12 


18 


0.23 


0.23 


±0 


A 


A 


CEx.13 


17 


0.25 


0.23 


±0 


A 


A 



so Examples 13 -26 

Dimethyl terephthalate and ethylene glycol were polymerized according to a conventional method in the presence 
of manganese acetate as an ester exchange catalyst, antimony trioxide as a polymerization catalyst, phosphorous acid 
as a stabilizer and particles shown in the column of "1st and 3rd polyester layers" in Table 4 as a lubricant, thereby to 
55 obtain a polyethylene terephthalate having an intrinsic viscosity (o-chlorophenol, 35° C) of 0.56 for producing first and 
third thin polyester layers. 

Further, a polyethylene terephthalate for producing a second polyester layer was obtained in the same manner as 
above except that R (value) was set at 1 .0 and that the particles were replaced with particles shown in the column of 
"2nd Polyester layer" in Table 4... . 
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The pellets of the above polyethylene terephthalates were dried at 170° C for 3 hours, and then separately fed to 
hoppers of two extruders. The pellets were mefted at a melting temperature of 280 to 300° C, laminated through a mul- 
timanifold type co-extrusion die to form a laminated sheet in which a first thin polyester layer was on one surface of a 
second polyester layer and a third thin polyester layer was on the other surface of the second polyester layer, and 
extruded onto a rotary cooling drum having a surface finish of about 0.3 s and having a surface temperature of 20° C 
such that the first thin polyester layer was brought into contact with the drum surface to give an unstretched laminated 
film having a thickness of 200 \irr\. 

The so-obtained unstretched laminated film was preheated up to 75° C and stretched 3.2 times with high-speed 
and low-speed rolls under heat with three IR heaters having a surface temperature of 800° C, which were positioned 15 
mm above the film. The film was then rapidly cooled, fed to a stenter, and stretched 4.3 times in the transverse direction 
at 120° C. The so-obtained biaxially oriented film was thermoset at 205° C for 5 seconds to give a thermoset biaxially 
oriented laminated polyester film having a thickness of 14 ^m. 

The thicknesses of the layers-were adjusted by changing the extrusion amounts from the two extruders. For form- 
ing the first thin polyester layer and the third thin polyester layer having different thicknesses, adjustment was made by 
narrowing the flow path for forming one of these layers. The thickness of each layer was determined by both a fluores- 
cence X-ray method and a method in which a thin piece was taken from the film and interfaces were found with a trans- 
mission type electron microscope. 

Example 27 

Polyethylene-2,6-naphthalenedicarboxylate for forming first and third thin polyester layers and polyethylene-2,6- 
naphthalenedicarboxylate for forming a second polyester layer were prepared in the same manner as in Example 14 
except that dimethyl terephthalate was replaced with dimethyl-2,6-naphthalenedicarboxylate. 

These polyethylene-2,6-naphthalene-dicarboxylates were dried at 1 70°C for 3 hours, and then an unstretched lam- 
inated film was obtained from these polyethylene-2,6-naphthalenedicarboxylates in the same manner as in Example 1 4 
except that the surface temperature of the rotary cooling drum was changed to 60° C. The so-obtained unstretched lam- 
inated film was preheated up to 120° C and stretched 4.7 times with high-speed and low-speed rolls under heat with 
three IR heaters having a surface temperature of 800° C, which were positioned 15 mm above the film. The film was 
then rapidly cooled, fed to a stenter, and stretched 5.2 times in the transverse direction at 150° C. The so-obtained biax- 
ially oriented film was thermoset at 215° C for 5 seconds to give a thermoset biaxially oriented laminated polyester film 
having a thickness of 1 4 \*m. 

Table 4 shows the properties and characteristics of the above-obtained films. As shown in Table 4, the films accord- 
ing to the present invention exhibited excellent electromagnetic characteristics when used in magnetic recording media, 
and at the same time, they were excellent in winding properties and abrasion resistance. Further, when a film scrap 
resulted from the production of the films shown in Table 4 was chipped and used to form a second polyester layer in 
such an amount that it formed 50 % of the entire film thickness, the range of Ra variation was 1 nm or less, or the var- 
iation was very small. 
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Table 4 





Poly- 


Inert particles in 1st and 3rd layers 




ester 
















Large-diameter inert particles 


Large-diameter 












inert particles 






Particle 


Content 


Apparent 


Particle 


Content 






& average 




elastic 


& average 








particle 




modulus of 


particle 








diameter 




particles 


diameter 








(^m) 


(*) 


(kg/mm 2 ) 




(*) 


Ex, 13 


PET 


Silicone resin 


0.005 


50 


JlllvUllC 1 111 


0 1 






1.2 






O ft 




Ex.14 


PET 


Silicone resin 


0.005 


50 


Silicone resin 


0.1 






1.2 






0.6 




Et 15 


PET 


Silicone resin 


0.005 


50 


Silicone resin 


0.1 






1.2 






0.6 




LA t XQ 


PET 


Crosslinked 


0.005 


25 


Silicone resin 


0.1 






polystyrene 1.2 






0.6 




Ex.17 


PET 


Calcium 


0.03 


90 


Silicone resin 


0.1 






carbonate 1.0 






0.6 




Ex.18 


PET 


Crosslinked 


0.004 


25 


Calcium 


0.25 






polystyrene 1.2 






carbonate 0.6 


0.25 


Ex.19 


PET 


Silicone resin 


0.005 


50 


Calcium 






1.2 






carbonate 0.60 












Spherical 


0.1 












silica 0.4 




Ex.20 


PET 


frn cell nlf pd 


0.004 


25 


Silicone resin 


0.1 






polystyrene 1.2' 






0.6 




Ex.21 


PET 


Silicone resin 


0.003 


50 


1 icone resin 


0.1 . 






1.4 






0.6 




Ex.22 


PET 


Silicone resin 


0.005 


50 


Silicone resin 


0.1 






1.2 






0.6 




Ex.23 


PET 


Silicone resin 


0.005 


50 


Silicone resin 


0.1 






1.2 






0.6 




Ex.24 


PET 


Silicone resin 


0.005 


50 


Silicone resin 


0.1 






1.2 






0.6 




Ex.25 


PET 


Spherical 


0.006 


200 


Silicone resin 


0.1 






silica 1.2 






0.6 




Ex.26 


PET 


Silicone resin 


0.005 


90 


Silicone resin 
0.6 


0.1 


Ex.27 


PEN' 


1.2 

Silicone resin 


0.005 


50 


Silicone resin 


0.1 






1.2 






0.6 





PET: Polyethylene terephthalate 

PEN: Polyethyiene-2.6-naphthalenedicarboxylate 
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Table 4 (continued) 



5 




Inert particles in 


1st and 3rd thin 


2nd poly- 


Ra 






1st and 3rd- layers 


polyester layers 


ester 


























- layer 


1st 


3rd 




















Small-diameter 


Thickness 


Thickness 


Thickness 


thin 


thin 






inert particles 


of 1st 


of 3rd 


of 2nd 


poly- 


poly- 


10 








■ thin 


thin 


polyester 


ester 


ester 














Particle 


Content 


polyester 


polyester 


layer 


layer 


layer 






& average 




layer 


layer 


i/m) 


(nm) 


(nm) 






particle 
















diameter 






/ 








15 






(*) 














Ex.13 






1.0 


1.0 


12.0 


9 


9 




Ex.14 


8 -aluminum 0.2 


1.0 


1.0 


12.0 


10 


10 


20 




oxide 0.1 














Ex.15 


amorphous 
titanium 
oxide 0.08 


0.2 


1.0 


1.0 


12.0 


10 


10 




Ex.16 


8 -aluminum 0.2 


1.0 


1.0 


12.0 


10 


10 


25 




oxide 0.1 
















Ex.17 


0-aluminufl 
oxide 0.1 | 


0.2 


1.0 


1.0 


12.0 


12 


12 




Ex.18 


6-aluminun 
oxide 0.1 ] 


0.2 


1.0 


1.0 


12.0 


11 


11 


30 


Ex.19 


0-aluminujn 
oxide 0.1 | 


0.2 


1.0 


1.0 


12.0 


12 


12 




Ex.20 


5 -aluminum 
oxide 0.1 


0.1 


1.0 


1.0 


?2.0 


10 


10 


35 




amorphous 


0.1 














titanium 
oxide 0.08 
















Ex.21 


8 -aluminum 
oxide 0.1 | 


0.2 


1.0 


1.0 


12.0 


10 


10 


40 


Ex.22 


0 -aluminum 
oxide 0.1 | 


0.2 


0.6 


0.6 


12.8 


7 


7 




Ex.23 


8 -aluminum 
oxide 0.1 | 


0.2 


1.5 


1.5 


11.0 


12 


12 




Ex.24 


8 -aluminum 


0.2 


0.5 


1.5 


12.0 


7 


12 


45 




oxide 0.1 j 
















Ex.25 


0 -aluminum 
oxide 0.1 | 


0.2 


1.0 


1.0 


12.0 


10 


10 




Ex.26 


8 -aluminum 


0.2 


1.0 


1.0 


12.0 


10 


10 


50 




oxide 0.1 ) 














Ex.27 


8 -aluminum 
oxide 0.1 j 


0.2 


1.0 


1.0 


12.0 


10 


10 



55 
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Table 4 (continued) 



■ 


Elon- 
gation 
at break 
in trans- 
verse 
direc- 
tion 
(*) 


Winding: 
proper- 
ties 


Pin 
abra- 
sion 
resis- 
tance 


Blade 
abra- 
sion 
resis- 
tance 


Side 
section 
of slit 


Electro- 
magnetic 
characte- 
ristics 
C/N 


White 
dust 

on guide 
roll 


Ex.13 


100 


A 


A 


A 


A 


+3.0 


A 


Ex.14 


100 


A 


A 


A 


A 


+2.9 


A 


Ex.15 


100 


A 


A 


A 


A 


+3.0 


A 


Ex.16 


100 


A 


A 


A 


A 


♦3.1 


A 


Ex.17 


100 


A 


A 


B 


A 


+2.3 


A 


Fx 18 


100 


A 


B 


A 


A 


+2.8 


A 


Ex.19 


100 


A 


B 


B 


A 


+2.7 


A 


Ex.20 


100 


A 


A 


A 


A 


♦3.0 


A 


Ex.21 


100 


A 


A 


A 


A 


+3.0 


A 


Ex.22 


100 


A 


B 


B 


A 


+3.5 


A 


Ex.23 


100 


A 


A 


A 


A 


+2.5 


A 


Ex.24 


100 


A 


A 


A 


A 


♦2.8 


A 


Ex.25 


100 


A 


A 


B 


A 


+3.1 


A 


Ex.26 


100 


A 


A 


B 


A 


+3.1 


A 


Ex.27 


100 


A 


A 


A 


A 


♦3.3 


A 



Claims 

1 . A biaxially oriented laminated polyester film comprising: 

(A) a first thin polyester layer having a thickness of 0.5 to 2 urn, formed of an aromatic polyester containing; 

(a1) large-diameter inert particles having an average particle diameter, da1 , of 0.4 to 2.0 urn and 
(a2) small-diameter inert particles having an average particle diameter, da2, of 0.01 to 0.3 urn, the content 
of the large-diameter inert particles (a1) being 0.05 to 0.5 % by weight based on the first thin polyester 
layer, the content of the small-diameter inert particles (a2) being 0.05 to 0.5 % by weight based on the first 
thin polyester layer, 

(B) a second polyester layer formed of an aromatic polyester containing; 

(b1) large-diameter inert particles having an average particle diameter, db1 , of 0.4 to 2.0 \im, and 

(C) a third thin polyester layer having a thickness of 0.5 to 3 formed of an aromatic polyester containing; 

(d) large-diameter inert particles having an average particle diameter, dd , of 0.4 to 2.0 urn and 

(c2) small-diameter inert particles having an average particle diameter, dc2, of 0.01 to 0.3 ^im, the content 

of the large-diameter inert particles (d) being 0.05 to 0.5 % by weight based on the third thin polyester 
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10 



layer, the content of the small-diameter inert particles (c2) being 0.05 to 0.5 % by weight based on the third 
thin polyester layer, 

the first thin polyester layer, the second polyester layer and the third thin polyester layer being laminated in 
the above order, 

the biaxially oriented laminated polyester film satisfying the following expression (1), 

a4 <wf^<" 0) 
wherein: 

is the content (wt.%) of the large-diameter inert particles (a1) in the first thin polyester layer, 
is W 2 is the content (wt.%) of the large-diameter inert particles (b1) in the second polyester layer 

D 13 is a total of the thickness (urn) of the first thin polyester layer and the thickness fam) of the third thin poly- 
ester layer, and 

D 2 is the thickness (jim) of the second polyester layer. 

20 2. The film of claim 1, wherein the thickness, D 2 , of the second polyester layer is greater than the total, D 13 , of the 
thickness of the first thin polyester layer and the thickness of the third thin polyester layer. 

3. The film of claim 1 , wherein the first thin polyester layer, the second polyester layer and the third thin polyester layer 
have a total thickness in the range of from 1 0 to 100 jim. 

25 

4. The film of claim 3, wherein the total thickness is in the range of from 10 to 25 urn. 

5. The film of claim 1 , wherein the thickness of the first thin polyester layer and the thickness of the third thin polyester 
layer are substantially the same. 

30 

6. The film of claim 1 , wherein the first thin polyester layer contains 0.1 % by weight to less than 0.5 % by weight of 
the large-diameter inert particles (a1). 

7. The film of claim 1 , wherein the first thin polyester layer contains 0.05 to 0.5 % by weight of large-diameter inert 
35 particles (a1 1) having an average particle diameter of 0.4 to 0.9 \im and 0.001 to 0.05 % by weight of large-diam- 
eter inert particles (a1 2) having an average particle diameter of 1 .0 to 1 .5 urn. 

8. The film of claim 1 , wherein the aromatic polyester forming the second polyester layer contains 0.01 to 0.2 % by 
weight of the large-diameter inert particles (b1) having an average particle diameter, db1 , of 0.4 to 2.0 um. 

40 

9. The film of claim 1 , wherein the aromatic polyester forming the second polyester layer further contains small-diam- 
eter inert particles (b2) having an average particle diameter, db2, of 0.01 to 0.3 jim. 

1 0. The film of claim 1 , wherein the biaxially oriented laminated polyester film satisfies the following expression (1 )-1 , 

45 

W 2 «D 2 

°- 6< *^ <1 ' 5 (1H 

50 wherein W 2 , D 2 , W., and D 13 are as defined in the expression (1). 

1 1 . The film of claim 1 , wherein the second polyester layer is formed from a homogeneous Wend of a polymer recycled 
from the biaxially oriented laminated polyester film of claim 1 and other aromatic polyester. 

55 12. The film of claim 11, wherein the polymer recycled is contained in an amount of 30 to 70 % by weight. 

13. The film of claim 1 for use as a base film for a magnetic recording medium. 

1 4. The film of claim 13, wherein the magnetic recording medium is a flexible disk and the thickness of the first thin pol- 
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yester layer and the thickness of the third thin polyester layer are substantially the same. 

1 5. The film of claim 1 3, wherein the magnetic recording medium is a magnetic tape and the thickness of the third thin 
polyester layer is greater than the thickness of the first thin polyester layer by 0.5 \im or more. 

1 6. The film of claim 1 , wherein the first thin polyester layer has a surface roughness, Ra, in the range of from 5 to 20 
nm. 

1 7. The film of claim 1 , wherein the film has a Young's modulus of at least 500 kg/mm 2 in one direction. 

18. The film of claim 17 for use as a base film for a magnetic tape, wherein the film has an elongation at break in the 
range of from 30 to 120 %. 

1 9. A magnetic recording medium comprising the film of claim 1 as a base film and a magnetic layer formed on the first 
thin polyester layer of the film. 

Patentanspruche 

1 . Biaxial orientierter, laminierter Polyesterf ilm, umfassend: 

(A) eine erste, dunne Polyesterschicht mit einer Schichtdicke von 0,5 bis 2 ^m, die aus einem aromatischen 
Polyester gebildet ist, enthaltend; 

(a1) inerte Teilchen groBen Durchmessers mit einem durchschnittlichen Teilchendurchmesser, da1, von 
0,4 bis 2,0 \im und 

(a2) inerte Teilchen Weinen Durchmessers mit einem durchschnittlichen Teilchendurchmesser, da2, von 
0,01 bis 0,3 urn, wobei der Gehalt an den inerten Teilchen groBen Durchmessers (a1) 0,05 bis 0,5 Gew.- 
%, bezogen auf die erste, dOnne Polyesterschicht, betragt und der Gehalt an den inerten Teilchen Weinen 
Durchmessers (a2) 0,05 bis 0,5 Gew.-%, bezogen auf die erste dunne Polyesterschicht, betragt, 

(B) eine zwerte Polyesterschicht, die aus einem aromatischen Polyester gebildet ist, enthaltend; 

(b1) inerte Teilchen groBen Durchmessers mit einem durchschnittlichen Teilchendurchmesser, db1, von 
0,4 bis 2,0 urn, und 

(C) eine dritte, dunne Polyesterschicht mit einer Dicke von 0,5 bis 3 jim, die aus einem aromatischen Polyester 
gebildet ist, enthaltend; 

(d) inerte Teilchen groBen Durchmessers mit einem durchschnittlichen Teilchendurchmesser, dd, von 
0,4 bis 2,0 urn, und 

(c2) inerte Teilchen Weinen Durchmessers mit einem durchschnittlichen Teilchendurchmesser, dc2, von 
0,01 bis 0,3 urn. wobei der Gehalt an den inerten Teilchen groBen Durchmessers (d) 0,05 bis 0,5 Gew.- 
%, bezogen auf die dritte, dOnne Polyesterschicht, betragt und der Gehalt an den inerten Teilchen Weinen 
Durchmessers (c2) 0,05 bis 0,5 Gew.-%, bezogen auf die dritte, dunne Polyesterschicht, betragt, 

bei demdie erste, dOnne Polyesterschicht, die zweite Polyesterschicht und die dritte, dunne Polyesterschicht in der 
vorgenannten Reihenfolge laminiert sind, und 

der biaxial orientierte laminierte Polyesterf ilm den folgenden Ausdruck (1) erfultt, 
worin: 

der Gehalt (Gew.-%) der inerten Teilchen groBen Durchmessers (a1) in der ersten dOnnen Polyesterschicht 

ist, 

W 2 der Gehalt (Gew.-%) der inerten Teilchen groBen Durchmessers (b1) in der zweiten Polyesterschicht ist, 
D 13 eine Gesamtdicke der Schichtdicke (urn) der ersten, dOnnen Polyesterschicht und der Schichtdicke (urn) 
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der dritten, dunnen Polyesterschicht ist, und 

D 2 die Schichtdicke (pm) der zw iten Polyesterschicht ist. 

2. Film nach Anspruch 1 , bei dem die Schichtdicke, D 2 , der zweiten Polyesterschicht grOBer als die Gesamtschicht- 
dicke, D 13 , d r Schichtdicke der ersten, dOnnen Polyest rschicht und der Schichtdicke d r dritten, dOnnen P ly- 
esterschicht ist. 

3. Film nach Anspruch 1 . bei dem die erste, dunne Polyesterschicht. die zweite Polyesterschicht und die drrtte, dunne 
Polyesterschicht eine Gesamtdicke im Bereich von 10 bis 100 urn aufweisen. 

4. Film nach Anspruch 3, bei dem die Gesamtdicke im Bereich von 10 bis 25 urn liegt 

5. Film nach Anspruch 1 , bei dem die Schichtdicke der ersten, dunnen Polyesterschicht und die Schichtdicke der drit- 
ten, dunnen Polyesterschicht im wesentlichen gleich sind. 

6. Film nach Anspruch 1 , bei dem die erste, dunne Polyesterschicht 0,1 Gew.-% bis weniger als 0,5 Gew.-% der iner- 
ten Teiichen groBen Durchmessers (a1) enthait. 

7. Film nach Anspruch 1, bei dem die erste, dOnne Polyesterschicht 0,05 bis 0.5 Gew.-% inerter Teiichen groBen 
Durchmessers (a11) mit einem durchschnittlichen Teilchendurchmesser von 0,4 bis 0,9 urn und 0,001 bis 0,05 
Gew.-% inerter Teiichen groBen Durchmessers (a12) mit einem durchschnittlichen Teilchendurchmesser von 1.0 
bis 1,5 *im enthait. 

8. Film nach Anspruch 1, bei dem der aromatische Polyester, der die zweite Polyesterschicht bildet, 0,01 bis 0,2 
Gew.-% der inerten Teiichen groBen Durchmessers (b1) mit einem durchschnittlichen Teilchendurchmesser, db1 , 
von 0,4 bis 2,0 ym enthait. 

9. Film nach Anspruch 1 , bei dem der aromatische Polyester, der die zweite Polyesterschicht bildet, weiter inerte Teii- 
chen Weinen Durchmessers (b2) mit einem durchschnittlichen Teilchendurchmesser, db2. von 0,01 bis 0,3 urn ent- 
hait. 

1 0. Film nach Anspruch 1 , bei dem der biaxial orientierte, laminierte Polyesterf ilm den folgenden Ausdruck (1 )-1 erfullt, 

W 2 *D 2 
°' 6 <wf 7 4< 1 ' 5 

worin W 2 . D 2 , W t und D 13 wie in dem Ausdruck (1) definiert sind. 

11. Film nach Anspruch 1, bei dem die zweite Polyesterschicht aus einer homogenen Mischung eines Polymers, das 
von dem biaxial orientierten, laminierten Polyesterf ilm nach Anspruch 1 und anderem aromatischen Polyester recy- 
celt ist, gebildet wird. 

12. Film nach Anspruch 1 1 , bei dem das recycelte Polymer in einem Anteil von 30 bis 70 Gew.-% enthalten ist. 

13. Film nach Anspruch 1 zur Verwendung als ein Grundfilm fOr ein magnetisches Aufzeichnungsmedium. 

14. Film nach Anspruch 13, bei dem das magnetische Aufzeichnungsmedium eine flexible Scheibe ist und die Dicke 
der ersten, dunnen Polyesterschicht und die Dicke der dritten, dunnen Polyesterschicht im wesentlichen gleich 
sind. 

15. Film nach Anspruch 13, bei dem das magnetische Aufzeichnungsmedium ein Magnetband ist und die Dicke der 
dritten, dunnen Polyesterschicht urn 0,5 *im oder mehr grOBer als die Dicke der ersten, dOnnen Polyesterschicht ist. 

16. Film nach Anspruch 1, bei dem die erste dunne Polyesterschicht eine Oberfiachen-Rauhheit, Ra. im Bereich von 
5 bis 20 nm aufweist. 

17. Film nach Anspruch 1 , bei dem der Rim einen Young-Modul von mindestens 500 kg/mm 2 in einer Richtung auf- 
weist. ... 
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18. Film nach Anspruch 17 zur Verwendung als ein Grundfilm fur ein Magnetband, wobei der Rim eine Bruchdehnung 
im Bereich von 30 bis 120 % aufweist. 

1 9. Magnetisches Aufz ichnungsmedium, umfessend den Film nach Anspruch 1 als einen Grundfilm und eine Magnet- 
schicht, die auf der ersten dOnnen P lyesterschicht des Films gebildet ist. 

Revendications 

1 . Film de polyester stratrf i6 biaxialement oriente comprenarrt: 

(A) une premiere couche de polyester mince ayant une epaisseur de 0,5 k 2 um form6e d'un polyester aroma- 
tique contenant: 

(a1) des particules inertes de grand diametre ayant un diametre particulaire moyen, da1 , de 0,4 k 2,0 urn 
et 

(a2) des particules inertes de petit diametre ayant un diametre particulaire moyen, da2, de 0,01 k 0,3 *im, 
la teneur en particules inertes de grand diametre (a1 ) etant de 0,05 k 0,5% en poids. sur la base de la pre- 
miere couche de polyester mince, la teneur en particules inertes de petit diametre (a2) 6tant de 0,05 k 
0,5% en poids sur la base de la premiere couche de polyester mince, 

(B) une seconde couche de polyester formee d'un polyester aromatique contenant: 

(b1) des particules inertes de grand diametre ayant un diametre particulaire moyen, db1 , de 0.4 k 2,0 urn, 
et 

(C) une troisieme couche de polyester mince ayant une epaisseur de 0,5 k 3 um formee d'un polyester aroma- 
tique contenant: 

(d) des particules inertes de grand diametre ayant un diametre particulaire moyen, dd, de 0,4 k 2,0 jim 
et 

(c2) des particules inertes de petit diametre ayant un diametre particulaire moyen, dc2, de 0,01 k 0,3 um, 
la teneur en particules inertes de grand diametre (c1 ) etant de 0,05 k 0,5% en poids, sur la base de la troi- 
sieme couche de polyester mince, la teneur en particules inertes de petit diametre (c2) 6tant de 0,05 k 
0,5% en poids, sur la base de la troisieme couche de polyester mince, 

la premiere couche de polyester mince, la seconde couche de polyester et la troisieme couche de polyester 
mince elant stratrf iees dans I'ordre donne ci-dessus, 

le film de polyester stratrf ie biaxialement oriente satisfaisant k 1'expression (1) ci-dessous, 

W 2 -D 2 

° ,4< wf^ <2 ' 5 (1) 

dans laquelle: 

W 1 est la teneur (% pond.) en particules inertes de grand diametre (a1) dans la premiere couche de polyester 
mince, 

W 2 est la teneur (% pond.) en particules inertes de grand diametre (b1) dans la seconde couche de polyester, 
D 13 est le total de ('epaisseur (um) de la premiere couche de polyester mince et de I'epaisseur (urn) de la troi- 
sieme couche de polyester mince, et 
D 2 est I'epaisseur (urn) de la seconde couche de polyester. 

2. Film de la revendication 1 , dans lequel I'epaisseur, D 2 , de la seconde couche de polyester est superieure au total, 
D 1 3 , de I'epaisseur de la premiere couche de polyester mince et de I'epaisseur de la troisieme couche de polyester 
mince. 

3. Film de la revendication 1 , dans lequel la premiere couche de polyester mince, la seconde couche de polyester et 
la troisieme couche de poly ster mince ont un epaisseur totale comprise entre 10 et 100 urn 
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4. Film de la revendication 3, dans lequel l'6paisseur totale est comprise entre 1 0 et 25 um. 

5. Film de la revendication 1 , dans lequel l*6paisseur de la premiere couche de polyester mince et l'6paisseur de la 
troisidme couche de polyester mince sort s nsiblement identiques. 

6. Film de la revendication 1 , dans lequel la premiere couche de polyester mince contient de 0,1% en poids k moins 
de 0.5% en poids de particules inertes de grand diam&re (a1). 

7. Film de la revendication 1 , dans lequel la premiere couche de polyester mince contient de 0,05 k 0.5% en poids de 
particules inertes de grand diam&re (a1 1) ayant un diam&re particulate moyen de 0.4 k 0.9 urn et de 0.001 k 
0,05% en poids de particules inertes de grand diamttre (a12) ayant un diamfetre particulate moyen de 1 ,0 k 1 .5 
jim. 

8. Film de la revendication 1 , dans lequel le polyester aromatique fbrmant la seconde couche de polyester contient 
de 0,01 k 0,2% en poids de particules inertes de grand diam&re (b1) ayant un diam&re particulate moyen ,db1, 
de 0,4 k 2,0 um. 

9. Film de la revendication 1, dans lequel le polyester aromatique fbrmant la seconde couche de polyester contient 
en outre des particules inertes de petit diamStre (b2) ayant un diam&re particulate moyen, db2, de 0,01 k 0,3 urn. 

10. Film de la revendication 1 , le film de polyester stratifi6 biaxialement orients satisfaisant k I'expression (1)-1 cities- 
sous, 

W 2 *D 2 

w< W7n^ <1 - 6 < 1 >- 1 

dans laquelle W 2 . D 2 , et D 13 sort tels que d6finis dans I'expression (1). 

1 1 . Film de la revendication 1 , dans lequel la seconde couche de polyester est form6e k partir d'un m6lange homogSne 
d'un polymfcre recycl6 k partir du film de polyester stratrfi6 biaxialement orients de la revendication 1 et d'un autre 
polyester aromatique. 

12. Film de la revendication 1 1 . dans lequel le polymfcre recycle est contenu en une quantit§ de 30 k 70% en poids. 

13. Film de la revendication 1 pour utilisation comme film de base pour un milieu d'enregistrement magnStique. 

14. Film de la revendication 13, dans lequel le milieu d'enregistrement magnStique est un disque souple et l*6paisseur 
de la premiere couche de polyester mince et l'6paisseur de la troisi&me couche de polyester mince sort sensible- 
merrt identiques. 

15. Film de la revendication 13 dans lequel le milieu d'enregistrement magn&ique est un ruban magngtique et I'Spais- 
seur de la troisi&me couche de polyester mince dGpasse de 0,5 ^m ou plus l*6paisseur de la premiere couche de 
polyester mince. 

16. Film de la revendication 1 , dans lequel la premiere couche de polyester mince a une rugosrte de surface, Ra, com- 
prise entre 5 et 20 nm. 

17. Film de la revendication 1 , qui a un module de \bung d'au moins 500 kg/mm 2 dans une direction. 

18. Film de la revendication 17 pour utilisation comme film de base pour ruban magn6tique, le film ayant un allonge- 
mert k fa rupture compris entre 30 et 120%. 

19. Milieu d'enregistrement magn&ique comprenart le film de la revendication 1 comme film de base et une couche 
magn6tique form6e sur la premifcre couche de polyester mince du film. 
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FIG. I 
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